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® Luminescent screen and low-pressure mercury vapour discharge lamp provided with such a 
screen* 

@ A luminescent screen (1,4) provided with a 
terbium-activated silicate (4) having a cuspidine cry- 
stal structure according to the fomnula Y4.X-2. 
pCaxMz'^pSi2.yAly07*x+2*yN2-x-z^ln this formula M" 
is at least one of the elements Mg, Sr and Ba. The 
yttrium can be replaced up to at most 50 mol.% by 
Gd and/or La. It further holds that: 

^O^x;^ 1.9 
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|X+2+y i 1.9 
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|0.05^p^1.5. 
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Luminescent screen and low-pressure mercury vapour discharge lamp provided with such a screen. 



The invention relates to a lumfnescent screen 
provided with a luminescent layer which is applied 
to a carrier and comprises a luminescent terbium- 
activated silicate having a cuspidine crystal struc- 
ture. The invention further relates to a low-pressure 
mercury vapour discharge lamp provided with such 
a luminescent screen. 

From the article in Philips Res. Repts. 1967. 
22, 481-504, luminescent terbium-activated sili- 
cates are known, whose fundamental lattice cor- 
responds to the formula YaCasSizO*. This silicate 
and also the isomorphous compound Y4AI«09. of 
which the terbium activation is also described, have 
the monoclinic crystal structure of the mineral 
cuspidine (CaASiaOrFi). Terbium-activated silicates 
having a fundamental lattice of the type YaSiOs and 
YzSiaOr are further known, for example, fmm US- 
Patent Specifications 3.523.091 and 3,758.413. 

The element terbium is a frequentiy used ac- 
tivator for luminescent materials because in many 
crystal lattices it gives rise to a very efficient lu- 
minescence, the characteristic green Tb^* emis- 
ston being emitted. Upon excitation by ultraviolet 
radiation, however, It is a condition for obtaining an 
efficient luminescence that the luminescent ma- 
terial is excited by radiation having a wavelength 
lying in the maximum or very close to the maxi- 
mum of the excitation spectrum of the material. An 
Important application of such materials is found In 
low-pressure mercury vapour discharge lamps, in 
such lamps, mainly ultraviolet radiation having a 
wavelength of about 254 nm is produced. A great 
disadvantage of many Tb-activated materials is that 
the maximum of the excitation band of the teri^um 
Is found at wavelengtiis comparatively far from 254 
nm. In those cases, an efficient luminescence can 
be obtained only if the excitation energy is first 
absorbed in a second activator, whereupon tills 
energy is transferred to the terbium. During this 
absorption and transfer, of course losses may oc- 
cur. 

The invention has for its object to provide 
luminescent screens comprising new luminescent 
materials which are activated by terbium and which 
in practical applications can be directly excited in 
the terbium. 

According to the invention, a luminescent 
screen of the kind mentioned in tiie opening para- 
graph is characterized in that the silicate corre- 
sponds to the formula Y4.jc.z^)CaxM2"Tbp Sia. 
yAlyOj+x+z+yNz-x-z^. Where M"at least one of the 
elements Mg, Sr and Ba, where the yttrium can be 
replaced up to at most 50 moi.% by at least one of 
the elements Gd and La and In which 



O^z^l.0 
5 0Sy^1.9 
x+2+y ^ 1.9 

0.05 ^p^ 1.5. 

10 It has been found that nitrogen-containing sili- 

cates on tiie basis of tiie lattice Y«Si207N2 form very 
effidentiy luminescing materials upon activation by 
terbium. The YtSiiOrNa has the cuspidine crystal 
structure and. Is a material known ger se (see. for 

75 example, C.R. Hebd. Seances Acad. Sci. Ser. C. 
1976,273(15)675-7). 

It has been found that the conresponding com- 
pounds GdiSlsOTN, and LatSizOjN, having a 
cuspidine structure can also be obtained. However, 

20 upon activation by Tb. these compounds have too 
low a quantum efficiency for practical applications. 
Therefore, in the luminescent silicates according to 
the invention, yttrium is used, which can be re- 
placed tor at most 50 mol.% by Gd and/or La.. 

25 Such a replacement does not influence the crystal 
structure of the silicate and substantially does :not 
influence the luminescent properties. 

In tiie Y4Si207N2 lattice, tfie yttrium can further 
be replaced in part by Ca and the elements, Mg, 

30 Sr and Ba represented by M", while further the Si. 
can be replaced in part by Al. In the substitutions : 
witii Ca and AI. the cuspidine structure is main- 
' tained. Substitutions with tiie M" elements are pos- 
sible only to a limited extent because with too large 

35 quantities of M^ndesirable secondary phases are 
formed. Therefore, in the silicates at most 25 
mol.% of the yttrium is replaced by M" (z 2 1.0). In 
the substitutions with Ca, M" and/or witii Al, in 
order to obtain charge compensation, the same 

40 molar quantity of N has to be replaced by 0. It has 
been found that a continuous sequence of com- 
pounds with a decreasing nitrogen content Is possi- 
ble between the compound Y^SiiOrNz and the com- 
pounds only containing oxygen YaCajSiaO, and 

45 Y4AI20*. It has been found that the nitrogen-contain- 
ing silicates and the silicates only containing oxy- 
gen have a different excitation spectrum upon ac- 
tivation by terbium. A great advantage Is tiiat by a 
suitable choice of the 0 : N ratio the location of the 

so maximum of the excitation spectrum can be adapt- 
ed within certain limits to a value desired for a 
given application. 
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It appears from the general formula and con- 
ditions stated above for the luminescent silicates of 
luminescent screens according to the invention that 
at most 1.9 moi of the Y is replaced by Ca (x ^ 
1.9) and also at most 1.9 mol of the Si is replaced 5 
by Al (y ^ 1.9). If at the same time substitutions 
take place of both Y by Ca (and, as the case may 
be, M") and of Si by Al, these substitutions al- 
together also amount to at most 1.9 (x+z+y ^ 
1.9). In fact It is necessary that the luminescent io 
silicate contains a minimum quantity of nitrogen - 
(0.1 mol of N per mole of silicate). The terbium 
content £ is at least 0.05 because at smaller values 
of 2 too tow luminous fluxes are obtained due to 
too low an absorption of exciting radiation. The is 
terbium content is at most 1.5 because at larger 
values too small luminuous fluxes are obtained due 
to concentration quenching. 

Use is preferably made of a luminescent 
screen according to the invention, which is char- 20 
acterized in that the silicate corresponds to the 
formula Y4,x^Cax TbpSijOT^xNz-x, where 0.5 ^ x ^ 
1,5. In fact it has been found that the highest 
luminous fluxes are obtained with the calcium-con- 
taining silicates which do not contain M" and do not 25 
contain Al either, especially upon excitation by 254 
nm radiation. The substitution of Ca within the 
given limits results in tiiat higher quantum efficien- 
cies are obtained arid In that a satisfactory adapta- 
tion of the excitation spectrum to the radiation 30 
produced in a low-pressure mercury vapour di- 
scharge- lainrip is obtained. A very advantageous 
application of the luminescent screens is tiierefore 
found in low-pr&sstire mercury vapour discharge 
lamps. *- '* ' - \ 35 

The iunriinescent silicates can be obtained by a 
solid state reaction at a high temperature of a 
mixture of starting materials formed from oxides of 
the constituent elements or from compounds pro- 
ducing these oxides upon an increase in tempera- 40 
ture. The nitrogen is mostiy added to the mixture 
as SiaN*, In general an excess of nitrogen, for 
example of 10 mol.%. being used. A small excess 
of silicon, for example a few moi.%, may also be 
used to favour the procedure of the solid state 45 
reaction. The mixture is heated once or several 
times at a temperature of 1200 -1700®C in a weak- 
ly reducing atmosphere, the luminescent silicate 
tiien being formed. 

Examples of luminescent silicates suitable for a 50 
luminescent screen according to the invention will 
now be described more fully with reference to a 
drawing, an example of preparation and a number 
of measurements. 

In the drawing: 55 

Fig. 1 shows a low-pressure mercury vapour 
discharge lamp according to the invention, and 



Rg. 2 shows the spectral energy distribution of 
the emission of a terbium-activated silicate. 

Rg. 1 shows diagrammatically and in sectional 
view a low-pressure mercury vapour discharge 
lamp provided with a tubular glass wall 1. At the 
ends of the lamp there are arranged elect-odes 2 
and 3, between, which the discharge is maintained 
during operation. The lamp is provided with a small 
quantity of mercury and with a rare gas as a 
starting gas. The wall 1 constitutes the carrier for a 
luminescent screen and is provided at the inner 
surface with a luminescent layer 4, which com- 
prises a luminescent silicate according to the in- 
vention. The layer 4 can be applied to the wall 1 in 
a usual manner, for example by means of a sus- 
pension containing the luminescent silicate. 

Example 1. 

A mixture was made of 

7.598 g of YaO, 

0.662 g of Tb407 

0. 426 g of SiOa 

1 .368 g of SI5N4. ■•:':rr'"'': V - " 

This mixture was heated In a molybdenum crucible^ 
for 1 hour at 1350'C in a closed fumace, through; - . > . 
which a flow (6 l/min) of nitrogen containing 5 ybibyjc 'rV-^- ' :-■::£: 
volume of hydrogen was passed. After cooling ahd ::, ^ ' 
pulverization, the produced obtained was heated • . . : • 
once more for 2 hours at 1500''C in the same 
atmosphere. After cooling and homogenization, *al' ' • -^f ■•' ' 
terbium-activated silicate was obtained according 
to the fonmula Yzjb^o^z SiaCN,. It was demon- 
strated by means of X-ray diffraction analysis that 
this silicate (like all the following examples of lu- 
minescent silicates according to the invention) had 
the cuspidlne crystal sfructjre. Upon excitation by 
short-wave ulf aviolet radiation (mainly 254 nm), the 
silicate exhibited the characteristic green line emis- 
sion of Tb^^. The silicate had a quantum efficiency 
of 55 %. while the absorption of the exciting 254 
nm radiation amounted to 88 %. 

Examples 2 to 7. 

In the same manner as described in Example 

1, a number of terbium-activated silicates of dif- 
ferent compositions were prepared. The formulae 
of these silicates and the results of the measure- 
ment of tiie quantum efficiency (QE in %) upon 
excitation by 254 nm radiation and the absorption - 
(A In %) of the exciting radiation are indicated in 
the following table. 
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Example 


Poxmala 


A 


QE 


1 




1) 


OO 


5-) 


2 


Y3.6'^^0.4^^2V2 


2) 


91 


64 


3 


^3.6^^0.4^^°8^ 


1) 


92 


48 


4 


^3.3*=^0.5'^^C.2SV7.5^1.5 - 


35 


62 


5 




1) 


80 


72 


6 


^2!55*'^ .25'^^0.2S^2°8. 25^0.75 




79 


77 


7 


^2. 3^^.5^^0.23^8.5^0.5 




80 


74 



1) The maximum of the excitation spectrum of 
the silicates according to the Examples 1, 4 and 5 
and of the silicate oniy containing oxygen (not in 
accordance with the Invention): 

YLsCazTbo^SisO., is found at 263, 259. 255 and 235 
nm, respectively. 

2) The spectral energy distribution of the emis- 
sion of this silicate (at 254 nm excitation) Is shown 
in Rg. 2. In this Rgure, the wavelength X in nm is 
plotted on the abscissa and the relative radiation 
intensity E in arbitrary units Is plotted on the or- 
dinate. 

Clalrhs 

1. A luminescent screen provided with a lu- 
minescent layer which is applied to a carrier and 
which comprises a luminescent terbium-activated 
silicate having a cuspidine crystal structure, char- 
acterized in that the silicate corresponds to the 



formula Y4.x.z^ CaxMz'*TbpSi2.yAly07*x+r*yN2.x-2^ . 
where M"at least one of the elements Mg, Sr and 
Ba, where the yttrium can be replaced up to at 
most 50 mol.% by at least one of the elements Gd 
and La and 

OSzSl.0 
0^ySl.9 

x + z+y S 1.9 /-^^ 

0.05 ^p^ 1.5. 

2. A luminescent screen as claimed in Claim 1 , 
^ characterized in "that the silicate corresponds to the 

formula Y4.x^)Cax TbpSij07+xN2.x, where 0.5 ^ x ^ 
1.5. 

3. A low-pressure mercury vapour discharge 
lamp provided with a luminescent screen as 

^ claimed in Claim 1 or 2. 
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